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INTRODUCTION 

The following experiments2 were made as part of a study of 
the factors controlling asymmetry in the Serpulid, Hydroides 
dianthus. The operations were performed on young individuals 
jn which asymmetry was just starting to develop and in which the 
adult mechanisin for reversal of the opercula was not yet present. 
The results are interesting not only in connection with the prob- 
lem of the cause of the original asynimetry and of thereversal 
of the opercula in adults but also as bearing on the extent of agree- 
ment between regeneratory and ontogenetic stages. h more 
definite formulation of the problems follows. 

1. The firet functional operculum of young animals is developed 
before the first rudimentary operculum. In  the absence of any 
special mechanism in the form of a rudimentary operculum does 
reversal of position follow removal of the functional organ at this 
stage? What bearing does the behavior following such opera- 
tions have on the question of the origin of the original asymmetry 
and the cause of reversal of the opercula in adults? 

2. The first functional operculum of the young is different in 
type from that of the adult. Does the regenerated operculum 

1 Contributions from the Zoological Laboratory of the University of Illinois, 
No. 8. 

2 The experiments were performed at the Biological Laboratory of the Bureau 
of Fishcries a t  Woods Hole, Mass., during July and August, 1909. I am indebted 
to Dr. Francis B. Surnner, the director, and to Professor Raymond C .  Osburn, 
acting dircctor during a part of my stay, for many courtesies. A preliminary 
report of the experiments was gi\-cn before the Central Branch of the American 
Soricly of Zoologists at the Iowa City mreting, April 8, 1910. 

92; 
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resemble the one rernoved or does i t  develop directly as an oper- 
culum of the adult type? 

3. Further, since the first operculum is a modification of n 
branchia and therefore originally has a respiratory function, is 
its removal followed by regeneration, first as a branchia which 
only later develops the opercular modification, or is the opercular 
modification regenerated directly? 

For a descrbtion of the opercula in adults and forexperiments 
on revcrsal, reference is made to  two former papers (Zeleny ’02, 
’05). The development of the opcrcula in the young is treated 
in the second o€ these (pp. 38 to 54). A brief outline of the neces- 
sary points must suffice here. 

In the adult Hydroides dianthus there is a large functional 
operculum or tube plug on one side of the body, either right or 
left, and a small rudimentary operculum on the other side (fig. 
1). The functional operculum (fig. I, F )  has a stout stalk end- 
ing in a hard chitinous enlargement consisting of a serrated cup, 
from the centre of which rises a circlet of curved spine-likepro- 
jections. The genus Hydroides is characterized by the presence 
of these two separate circles of serrations or projections in its 
functional operculum. The rudimentary oDerculum (fig. 1, E )  
is a small bud-like structure corresponding in position exactly 
with the functional operculum of the opposite side of the body. 
Near the base of each opercular stalk there is a well defined line, 
the breaking line or breaking joint. 

When the cup of the functional operculum is removed, the 
rudimentary operculum of the opposite side develops into a func- 
tional operculum similar to the one which had been injured. The 
stalk of the injned operculum meanwhile drops off at its break- 
ing joint and a rudimentary operculum develops in its place. 
There is thus, as a final result of the operation, a reversal in pod- 
tion of the two opercula. This reversal may be repeated several 
times. 
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Fig. 1 Hydroides dianthus. A ,  dorsal view of right-handed specimen, showing 
relations of parts. Ends of branchine and functional operculum not given (X6); 
B,C, diagrams of anterior surface of head of left-handed and right-handed speci- 
mens (XG); D, branchia viewcd from inncr surface (X25); E ,  rudimentary oper- 
culum (X 30). P ,  functional opcrculum(X 30). 

The process is very simiIar to the reversal of the two chelae 
in Alpheus as described by Przibram (’01 to ’07), Wilson (’03), 
Zeleny (’05) and Stockard (’10). In Alpheus there is a larger so- 
called ‘snapping’ chela on one side of the body and a smaller 
‘cutting’ chela on the other side. These chelae differ from each 
other both in size and in structure. When the snapping chela is 
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removed, the cutting chela changes into a snapping chela and in 
place of the former snapping chela a cutting one is developed. 

In  Hydroides the presence of the functional operculuni in some 
way inhibits the growth of the rudimentary operculum into a 
functional one. LiEewise in Alpheus the presence of the snap- 
ping chela inhibits the change of the cutting chela into a snapping 
chela. It is evident that  the rudimentary operculum in the one 
case and the cutting chela in the other need only the proper stini- 
ulus or removal of an inhibition to  develop at once into organs like 
their mates. These smaller organs are therfore in one sense 
merely stages in the development of the others. 

Various suggestions as to the explanation of this inhibition have 
been made. I n  Hydroides the injury to the large operculum pro- 
duces activity on both sides of the body, bringing about the 
immediate growth of the rudimentary into a functional operculum 
and a start in the same direction to form a rudimentary operculum 
on the side of the injury. The functional operculum is reached 
only on the side with the earlier start, the presence of the one 
functional operculum restraining the possible development of 
another functional one. This view is supported by the result 
obtained when the head of Hydroides is removed. In  this case, 
as a!so in a part of the cases in which the two opercula are 
removed without injury to the body proper, a functional opercu- 
lutn is dcveloped on each side of the head though the size of each 
is usually reduced. In  such n case t,he two opercula get an equal 
start and neither one is able fully to restrict the development of 
the other. 

The cases of siniilar chelae in thc adult Alpheus and Homarus 
may be explained in a siniilar way by coincident development. 
Under the ordinary conditions of removal of both chelae the ad- 
vantage of greater blood-supply and probably other features lies 
on the side of t,hc stouter snapping or crushing chela. Therefore 
reversal does not occur in such cases. When, however, there is 
a secondary advantage of jbst the proper strength occurring to 
the side of the former smaller chela two equal chelae may develop. 
The probability of this explanation is strengthened by the fact 
that in those cases in which two equal snapping or crushing chelae 
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were obtained by Wilson (’03) and Emmel(’O8) there was an addi- 
tional factor, difference in time of removal of the two chelae, in- 
jury of the nerves of the chelae or the removal of the walking leg 
or legs on the side of the former more slender chela (see Stockard 
’10, discussed below). 

Wilson has suggested that the reversal may be under nervous 
control and he made a study of it in Alpheus by cutting the nerves 
going to the chelae. His results, as he himself recognized, are, 
however, not conclusive, since other influences, such as disturbed 
blood-supply, are not eliminated. Wilson also suggests that the 
snapping chela may develop always on the side of the body which 
has the greater amount of material to start with and which there- 
fore has the greater body of nutrition directed to it. Stockard 
has tested this hypothesis as applied to the whole group of append- 
ages on the two sides, by removing the walking appendages on 
the side of the cutting chela in the case in which the snapping 
chela is removed. The operation leaves the greater mass of ap- 
pendagematerial on the side of the chela removed. Neverthe- 
less, practically all of the Alphei showed reversal as in cases 
without removal of walking appendages. Variations of these 
experiments showed the same negative result. The removal 
or non-removal of other appendages on either side has no proved 
relation t o  the phenomena of reversal. It should however be 
said that Stockard’s experiments do not test the essential point 
of the hypothesis of difference in amount of material or effective 
mechanism for growth in the form of blood-supply, etc., between 
the stumps of the two chelae themselves. The walking legs may 
not be directly concerned in the difference of activities of the two 
sides at  thc first chela level and the hypothesis of difference of 
materials at  the first chela level be unaffected thereby. Further- 
more, if there be a correlation between these different levels, is 
it proper to assume, as Stockard has done, that the smaller amount 
of nutritive activity will be on the side regenerating other append- 
ages. As a matter of fact, the opposite assumption is indicated 
by some experiments (Zeleny ’09), aid  Stockard’s experiments 
themselves, as far as they show anj’ difftreiicc in results between 
the two cases, point in the same dirc~tion (Stockard ’10). 

JOURN.41, OF bIORI’HOLOGY, VOL. 22, NO. 4 
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ASYMMETRY IN YOUNG INDIVIDUALS 

The adult asymmetry of Hydroides is preceded by a symmet- 
rical stage. With the development of a functional operculum 
the first asymmetrical phase is assumed, followed in turn by a 
normal reversal in position and a change in structure to the adult 
t jpe.  One or more additional reversals niay then take place. 
It was shown that these reversals occur in nature and furthermore 
it is probable that they may come periodically without being pre- 
ceded by any definite injury to the functional operculum other 
than the wear of ordinary use. 

The free-swimming larva of Hydroides, after attachment to a 
solid object, secretes a tube around its body and develops bran- 
chiae on its head. There is a definite stage in which the branchiae 
are all alike and symmetrically arranged with respect to the 
median Iine (fig. 2). Additions to these branchiae take place at 
the lower edge of each lateral group. A t  a stage slightly older 
than the one shown in fig. 2 the young serpulid closely resembles 
in its branchia1,characters an adult of the genus Protula (Fritz 
Miiller '64). There is no trace of an opercular modification in 
any of the branchiae. 

The branchia next to the dorsal one on the left side then be- 
gins to form a terminal cup with a single row of serrations (figs. 3 
and 4). The branchid filaments are still present and the respir- 
atory function is evidently still retained along with the new tube- 
plug function. The opercular branchia at this stage may be 
compared with the functional operculum of adults of thegenus 
Apomatus, in which also the opercular enlargcmcnt is on a stalk 
bearing branchial filsinents though the eiilargemerit itsclf is dif- 
feren t in structure. -1poliiatus has in addition a rudimentary 
operculuni of the same fype as the functiorial, ie., borne on the 
end of a branchia which retains its respiratory filaments (fig. 6, 
A ,  B,  C, 0,). It is important to note that the operculuni in Hy- 
droides first appears on the left side of the body while in adults 
it is sometimes on the right and sometirnes on t,he left. 

During the following perjod the branchial filaments disappear 
from the opercular stalk and at the same time the corresponding 
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Fig. 2 Young Hydroides dianthus with six branchiae (individual C,  no. 2780). 
The levels of the cuts 

Fig. 3 Hydroides dianthus, age 34 days; 'stage with four pairs of branchiae. 
The left one shows the 

The right one drops off later 

The most dorsal pair has not yet developed its pinnules. 
made in the operation are indicated by C .  

The next to  the dorsal one on each side is shown in full. 
beginning of the knob of the functional operculum. 
and the first rudimentary operculum is developed from its stump. 
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branchia of the opposite side drops off, the break appearing a.t 
the base of its stalk. In its place a bud-like rudimentary oper- 
culum is developed (fig. 5). There is then on the left side a func- 
tional operculum with a naked stalk and a terminal cup bearing 

Fig. 4 Hydroides dianthus, age 26 t o  28 days but  further advanccd than thr  in- 
dividual shown in fig. 3. Stage with four pairs of branchiae. Figure shows the 
three most dorsal pairs. The ventral pair is directed away from thc observer 
and is not shown. The opercular knob of the  left side is notched and its stalk 
still retains the respiratory pinnules. The branchia next t o  the dorsal one of the 
right side has eight pinnules but differs from the other branchiae, cxcept the oper- 
cular one, in the absence of new pinnulc buds. A ,  level of cut in individual A ,  
(no. 2778); R,  level of cut in individual B,  (no. 2779); Ba,  regenerating functional 
operculum one day after operation in individnnl R .  

a single row of serrations, and on the right side a rudimentary 
operculum. The characteristics are those found in the adults 
of the genus Serpula except for the fact t,hat in Serpula the func- 
tional operculum may be either right or left (fig. 6, E). 
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After a period of activity in this stage lasting several davs the 
functional operculum drops off. The loss is accompanied by the 
development of the rudimentary operculum into a functional 
opercuhm not like the one that had been lost but more compli- 
cated in structure, with two distinct and qualitatively different 

Fig. 5 IIydroides diant,hus. Dorsd view (X  38). On the left side is functiond 
operculmn of Serpula type with naked stalk ant1 onc row of serrations. On right 
sitle is rut1irilcnt:try bud devclopcd from thc b:tse of the cast-off second branchia 
of t,liat side. 

rows of serrations. This operculum is similar to that of the adult 
Hydroides. In place of the operculurn that had dropped off a 
rudimentary opcrculum is developed. The condition is now like 
that of the adult except that some adults have the functional oper- 
culum on the left and others on the right. It is therefore neces- 
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sary to assume further reversal or reversals of position during 
later development and perhaps throughout adult life. 

The original asymmetry is apparently always of the same na- 
ture, i.e., the functional operculum always develops on the left 

Fig. G A ,  B, C, U ,  Apomatus ampullifera. Adult. -4, dorsal view showing 
functional and rudimentary opercula and branchiae. Pinnules not represented 
(X 5) : B, t ip  of non-operculatc branchia (X 17). C, t ip  of rudimentary operculum 
(X  17) : D, t ip  of functional operculum (x 17) : E,  distal portion of functional oper- 
culum of Serpula vermicularis (x 19). 

side and from a particular branchia. Adult individuals differ 
in character because some have had an odd and some an even 
number of reversals. 
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Thc first functional operculum appears before the first rudi- 
mentary (fig. 4). During the. stage in which the opcrcular stalk 
retains its branchial filaments there is as yet no modification of the 
branchia of the opposite side. It ends in a point just like that of 
other branchiae. Buds of new pinnules are honever ahsent! 
(figs. 3 and 4). There is at this time no perfected mechanism for 
reversal as in the aduit. The rcmoval of the functional opercu- 
ltim, or at an earlier stage the remoi ul of the end of ;he branchia 
which later develops the o y m d a r  enlargement, n as ,zccolnplished 
in several individuals (figs. 2 and 4). 1 7  only a few of thrtn, how- 
ever, was the operation clean cut and the further history of the 
experiment followed. 

The character of the material did not allow experimenting with 
narcotization. It was therefore necessary to  keep it-atch of the 
young animals under a binocular microscope, holding a needle 
knife blade above the opening of thc tubc. With exceptional 
good fortune it was possible to remove the terminal cup of the  
operculum in a few instances without seriously injuring the rrst 
of the animal, though in most cases the neighboring branchia of 
the same side was also injbred. 

There was no reversal of opercula, though interesting develop- 
ments followed. In place of the removed functional opcrcu!urn 
a new one like the one removed was dweloped. There was no 
loss of the old stalk, the regeneration taking place directly a t  the 
c u t  surface (fig. 4, Ba). It might have been expected that, in 
case regeneration occurred, the new operculum would at once 
grow out as one of the Hydroides type as found after thc first 
natural reversal. This, however, did not o c c ~ r .  The regencratrtl 
structure therefore repeats thc stage of the removed structurc. 
and does not pass on to the next ontogenctic stage (fig. 7, A ) .  

The effect upon the branchia of the opposite side is also inter- 
esting. The terminal part of the branchia develops u small 
knob, approaching in character a rudimcntary operculuni of this 
species but formed from a group of cells which in normal growth 
never develop opercular enlargements, but are, in fact, lost whcn 
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this branchia drops off to make place for the rudimentary oper- 
culum developing in its place (fig. 7, B, C). A branchia with a 
small knob-like rudimentary operculum a t  its end is thus formed. 
This condition is never found in normal development in this 
species but is a normal feature of the adults of the genus Apomatus 
which have also functional opercula with stalks bearing branchial 
filaments (fig. 6, A ,  B, C, 0). 

Fig 7 11, regenerated functional operculum of Serpula, type. Individual 
(no. 2778), oil August 3rd. B, branchiu. next to  the dorsal one of right side AS modi- 
fied, follov ing operation on the corrcbponding branchia of the left side. Indi- 
vidual A ,  (no. 2778) July 31. C, enlarged t ip  of B .  D ,  ruclirrlcrlt:try operculunl on 
left side of individual A as developed after the functioiinl operculurn of the Serpula 
~ y p r  h u t  dropped off, August 14. 12, functional operculurn of Hydroides type :IS 
devcloped on the right side of individual A after the functional oprrculuin of the 
Scrpul.1 typc on thc lrlft i i t lr  had dropped off, hugu5t 14. 

It might have been expected that the reirioval of the functional 
cup would accelerate the breaking off of the corresponding 
branchia of the other side of the body and be followed by the 
development of a normal rudimentary opcrculurn. As a matter 
of fact, the acceleration of operculsr development, is found, but 
in a way entirelj different from the normal. -4 group of cells a t  
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.he tip of a branchia is stimulated to develop. This condition, 
however, lasts only a short time. The branchia with its termi- 
nal enlargement breaks off as does the corresponding one in nor- 
mal development and a rudimentary operculum grows out in its 
place. While this is taking place the stalk of the regenerated 
functional operculum loses its filaments and the resultant condi- 
tion is like that of the Serpula stage of normal ontogeny (fig. 5) .  

Outline of typical individual experiments 

Individual A .  ( S o .  9778) 

July  2-1909. Egg fertilized. 
J u l y  27 

Left  side. Second branchia has opercular enlargement. Res- 
piratory pinnules still present. 

Right side. No opercular modifications. Each branchia ends 
in a long tapering filament. 

Operation. Distal half of second left (opercular) branchia 
and distal third of first left branchia removed (fig. 4, level A).  
July 31. 

Left side. Removed parts are regenerated. The new oper- 
culum resembles the removed one. 

Right side. The next to the dorsal (second) branchia has devel- 
oped a small ovoid enlargement a t  its end (fig. 7, B, C). The 
whole branchia now resembles a rudimentary operculum of the 
kind found in adults of the genus Apomatus (fig. 6, A ,  C). 
August 3. 

The new opercular stalk has lost its respiratory 
pinnules. The terminal cup retains a single circle of serrations 
(fig. 7, A).  The structure resembles an adult operculum of the 
genus Serpula (fig. 5). 

The next to the dorsal (second) branchia with its 
small terminal enlargement has dropped off and a rudimentary 
operculum has developed in its place (fig. 5 ) .  
August 7 

Condition of opercula (fig. 4). 

Left side. 

Right side. 

Lef t  side. 
Right side. 

Functional operculum of Serpula typc (fig. 5 ) .  
The former rudimentary operculum is going for- 

ward in its development to a functiorial opcrculum with two rows 



940 CHARLES ZELENY 

of serrations (ke., of the Hydroides type). 
is about half developed. 
August 14. 

Left  side. The functional operculum of the Serpula t.ype has 
dropped off and a rudimentary opcrculum has developed in its 
place (fig. 7, 0). 

Right side. The functional operculun? of the Hydroides t,ype 
is fully developed (fig. 7, B ) .  

The new operculum 

Iizdividual B.  ( N o .  ,9779) 

J u l y  1. Egg fertilizcd. 
J u l y  28. 

chid operculum was removed (fig. 4, level B). 
J u l y  29. 

Left side. Removed opercular cup is regenerating (fig. 4, B a ) .  
August 5. 

Lef t  side. A functional operculum of the Serpula type is fully 
developed. The respiratory pinnulcs have already disappeared 

The next to the dorsal (second) Lranchia has 
dropped off and a rudimentary one has developed in its place (fig. 

Augus t  7 .  

Condition of opercula as in no. 2778 on July 27. 
Operation. The opercular enlargement a t  the end of the bran- 

(fig- 5 ) -  

5 )  1 

Right side. 

Left  side. 
Right side. 

Functional operculum of Serpula type. 
The rudiinentary operculum has developed into a 

half-grown operculurn of the Hydroides type. 
Augus t  14. 

Left side. Rudimentary oprrculum (7 ,  0). 
Right side. Functional operculum of Hydroides type (7, E ) .  

Indir idual  C. (fVo. 2780) 

J u l y  1. Eggs fertilized. 
Jdg 28. 

are present. 
pinnules. 

Conditioti of opercula and branchiae. Three pairs of branchiae 
The most dorsal pair has not yet developed its 

Thcre is no sign of opercular enlsrgcrnent (fig. 2). 
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July 29. 
The distal half of the left second or future opercu- 

lar branchia and the tip ol the left third branchia were removed 
as shown in fig. 2. 
August 3.  

operculum of the Serpula type has developed. 
ready lost its pinnules (fig. 5). 

August 7 .  

Operation. 

Left side. From the branchia next to the dorsal one a functional 
The stalk has al- 

Righ t  side. Rudimentary operculum (fig. 5 ) .  

Left side. Rudimentary operculum. 
Right side. 

half developed. 
August 14. 

Left side. 
Right side. Functional operculum of Hydroides type. Kot 

fully developed as yet (fig. 7, E ) .  
The experiments thus answer the three questions proposed at 

the beginning of the paper. 
1. Is there a reversal of opercula as a final result of removal of 

the first functional operculum before any rudimentary opercular 
structure has been formed? The experiment shoMs that there 
is no reversal of opercula. A new functional operculum develops 
in place of the removed one, and on the opposite side of the body 
the final result is a rudimentary operculum like the normal one. 
Before this final condition there is, however, thc interposition, 
as a result of the operation, of a new kind of opercular modifi- 
cation, namely, a rudimentary opercular enlargement at the end 
of a branchia. The enlargement is formed from cells which do not 
normally produce an opcrculuin. The formation of the struc- 
ture is directly stimulated by the operation. It has, however, 
110 permanrnt result, the opcrculuin thus formed in no  way pre- 
venting the dropping off of the branchia. 

2. Is the reiiioval of the first functional operculum follosed by 
the rrgeneration of ,z structure of ttie samc! type as the one removed 
or does the later or adult type ticyelop at once? It is showi that 
the new sti.uc+ire is like the OIIC rcnim~cd. It dues n o t  skip to 

Functional operculum of Hydroides type, one- 

Rudimentary operculum (fig. 7 , D ) .  



942 CHARLES ZELENY 

the next succeeding stage. At this step, as probably at other 
steps in the ontogenetic process, removal is followed by a repebi- 
tion of the part removed. The stages need not follow in a defi- 
nite prescribed order. A stage may be reoeated when the neces- 
sary stimulus is given. In  normal ontogeny the first fanctional 
opefiulum has a period of existence as such which ends by its 
breaking off near the base. In  its place a rudimentary operculum 
is developed, an operculum which is a preliminary stage in a new 
functional, the second of the Hydroides type, which develops only 
after a long period of latency. If, however, the first operculum 
be lost early in its life, there is no skipping of the later phases 
leading up to a normal loss, but the first stages are repeated and 
an operculum like the one removed results. 

Is the removal of the first functional operculum followed by 
regeneration, first as a branchia which only later develops the 
opercular enlargement or is the opercular modification developed 
directly? The opercular modification is developed directly. An 
enlargement a t  the cut surface of the stalk is evident very soon 
after the operation. There is no trace of the development, first, 
of a pointed end like that of the original branchia, but opercular 
growth proceeds directly at the regenerating surface. There 
seems thus to be no repetition of the ontogenetic branchial stage 
at this regeneration (fig. 4, Ba).  

The observations and experiments on young Hydroides con- 
tribute the following data on the factors controlling asymmetry 
of the animals. 

1. The animal is originally symnietrical and the appearance of 
the asymtnetrical structure, always on the left side, can not be 
due to  the preponderance of nutrition on one side as a result of 
a larger amount of material on that side. There is further no indi- 
cation that the original ssynimetry is due to the character of the 
tubes or the nature of their curvature. 

2. The removal of a functional operculdm is not necessarily 
followed by the development of a rudimentary operculum on the 
same side. The larger mass of material, following the removal, 
was o n  the opposite side of the body. Nevertheless, the func- 

3. 
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tional operculum developed from the cut surface. A small 
opercular knob at the end of the branchia of the opposite side 
was, however, developed as a result of the operation. 

3. The result of the operation was an animal with the same 
symmetry as a normal individual. 

SL'IIM.~T~Y 

1. The removal of the first operculum of Hydroides dianthus 
in its early stages before the development of a rudimentary oper- 
culum is followed: 

A. By the regeneration of a new functional operculuni of the 
same type as the one removed. There is no reversal of opercula 
such as occurs in the adult. 

The branchia occupying the position of the future 
rudimentary operculum and which in normal development shows 
no opercular modification develops an opercular enlargement a t  
its end as a result of the operation. 

(2). The opercular enlargement is developed from cells which 
in normal development do not form an operculum. 

(3). The enlargement is of the rudimentary type such as is 
found in adults of the genus Apomatw 

2. The regenerated functional operculum is like the one re- 
moved. Regeneration does not go directly to the next succeeding 
or Hydroides type of the operculum. On the other hand neither 
is there a repetition of the preceding stage, the opercular enlarge- 
nient appearing directly without the interposition of a branchial 
tip, later to be modified into an opercular structure. 

3. The results point to the conclusion that reversal of opercula 
in the adult is dependent upon the presence of a specialized struc- 
ture, the rudimentary operculum, capable of developing rapidly 
into a functional operculum. In the absence of such a special 
structure the regenerating tissue on the old functional operculum 
side retains its supremacy, getting an earlier start and inhibiting 
the development of a similar structure on the opposite side. The 
injury to the functional operculum does, however, initiate an 

B. (1). 
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opercular modification in the branchia which stands in the posi- 
tion of the future rudimentary operculum. This process, how- 
ever, is not sufficiently rapid to  gain the upper hand and cause the 
development of a functional operculum. 
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